Background
==========

The fastest growing age group globally is older adults, and in Japan the percentage of older adults has increased fourfold since 1960, from 5.7% in 1960 to 23.3% in 2011 \[[@B1]\]. Health promotion for older adults and the prevention of long-term care are important factors in maintaining a sound society. A population approach to diet and physical activity through the use of social services can play an important role in prevention, reach a large portion of the population, and be cost effective \[[@B2]\]. The health benefits of physical activity have been scientifically confirmed in older adults \[[@B3],[@B4]\], and many community-based interventions on physical activity have shown improved physical function \[[@B5],[@B6]\], improved cognitive function \[[@B7]\], reduced risk of falling \[[@B8],[@B9]\], reduced decline in health-reported quality of life \[[@B10]\], and reduced healthcare costs\[[@B11]\]. Based on the scientific evidence available, the World Health Organization (WHO) \[[@B12]\], the American College of Sports Medicine, the American Heart Association \[[@B13]\], and other health related organizations have published specific recommendations on physical activity for older adults. However, the number of community-based interventions on diet has been relatively small, and nutritional intervention commonly consists of individual nutritional checkups and individual dietary counselling, or nutritional education from professionals on specific nutrients and supplements \[[@B14]-[@B17]\]. However, in a super-aging society like Japan, too few resources are available to provide professional advice for every individual and therefore simple health programs that promote a healthy diet are needed for community-dwelling older adults.

Against this background, we developed the "TAKE10!® for Older Adults" program for community-dwelling older adults to introduce and promote physical activity in the home at each individual's pace and to help participants maintain good dietary habits by keeping self-check sheets, even in the absence of professional advice \[[@B18]\]. The purpose of this study was to examine the effectiveness of a social program held at community centers that used the TAKE10!® for Older Adults program, and determine whether it could change long-standing unhealthy or less-than-ideal physical and dietary habits. We conducted a cluster randomized trial to avoid contamination across individuals and to eliminate any access barriers to participation in this intervention program \[[@B19]-[@B21]\].

TAKE10!® for Older Adults
-------------------------

"TAKE10" stands for eating regularly from 10 food groups and taking 10 min of physical activity at least 2--3 times per day. The program was developed in order to help community-dwelling older adults introduce physical activity into their lives and encourage their intake of a variety of foods. Physical capability, dietary habits, health status, and living environment among older adults vary greatly among individuals, and the program was designed to help older adults adjust the strength and frequency of their exercise as well as their food intake to correspond to individual capabilities and preferences. The contents of the TAKE10!® booklet are shown in Additional file [1](#S1){ref-type="supplementary-material"}: Appendix 1.

The program for physical activity recommends walking, stretching, muscle strengthening, and balance training in the home environment at the individual's own pace. There are 10 simple stretching exercises in total (e.g., upward, side, hamstring, hip, Achilles tendon, and quadriceps stretching) as well as 8 muscle strengthening exercises (e.g., plantar flexions, knee flexions, side leg raises, squats, and sit-ups). None of the exercises require equipment and therefore can easily be performed at home. WHO recommends at least 150 minutes of moderate-intensity aerobic physical activity throughout the week. TAKE10!® sets the initial goal slightly lower for older adults who have no established physical activity habits. We prepared a "TAKE10!® Calendar" record to enable participants to engage in physical activity by themselves (Additional file [2](#S2){ref-type="supplementary-material"}: Appendix 2).

The dietary program focuses on dietary variety. Some studies have shown that dietary variety is associated with health status in older adults and therefore can be used to indicate nutritional status \[[@B22]-[@B24]\]. One of the simple ways to promote a balanced intake of nutrients is having dietary variety, and such variety may be a good indicator of healthy dietary habits. Over consumption of energy-dense foods, which are nutrient-poor and high in fat, sugar, and salt, and inadequate consumption of fruits and vegetables are risk factors associated with an increased incidence of non-communicable diseases \[[@B2]\]. Moreover, inadequate protein intake causes adverse changes in the morphology and function of skeletal muscle in older adults \[[@B25],[@B26]\]. We define a healthy diet for older adults as a well-balanced diet, and promote their intake of a variety of foods using a table of 10 food groups that correspond to the 10 main food groups of the Japanese diet without rice, namely meat, fish and shellfish, eggs, milk, soybean products, green and yellow vegetables, potatoes, fruits, seaweed, and fats and oils. For this purpose, we developed the "TAKE10!® Check Sheet"(Additional file [3](#S3){ref-type="supplementary-material"}: Appendix 3) to allow older adults to check the variety of foods in their diet quickly and easily, and ultimately improve their dietary habits, with an overall goal of maintaining good dietary habits.

In addition, information for older adults on subjects such as oral care, incontinence, and food safety are included in the TAKE10!® booklet (Additional file [1](#S1){ref-type="supplementary-material"}: Appendix 1).

Methods
=======

Participants
------------

The study was conducted at 6 community centers, each with \>90 m^2^ of floor space and air-conditioning, in Sumida Ward in the Tokyo metropolitan area. Inclusion criteria were (1) participation in the "Sumida TAKE10" social health program conducted by Sumida Ward, (2) age ≥65 years; (3) understanding of the main study objectives and provision of informed consent, and (4) ability to travel independently to the closest participating community center. Exclusion criteria were (1) heart attack or stroke within the previous 6 months; (2) acute hepatic dysfunction or chronic active viral hepatitis, (3) fasting blood glucose \>200 mg/dl, (4) diastolic blood pressure \>180 mmHg and/or systolic blood pressure \>100 mmHg, and (5) medical advice prohibiting exercise. Candidates were recruited by Sumida Ward through notifications printed in the Sumida Ward Bulletin delivered to all homes. A questionnaire on demographic, dietary, physical, and lifestyle characteristics was administered to all participants by researchers and program staff before and after intervention at each community center. Body weight and height were measured at the community centers by researchers and staff.

Sample size
-----------

Because a clinically meaningful difference in our main outcome measures could not be determined, only a provisional sample size was used. We estimated that individual randomization would require 36 participants per group for a trial with 80% power to detect a 10% difference between groups, with a 5% significance level. We assumed an intracluster correlation of 0.02 and 20 participants for each community center. Under these assumptions, we increased the sample size to 50 per group (design effect, 1.38) and cluster size was determined to be 3 per group.

Randomization
-------------

Randomization was conducted at the community center level to avoid contamination and to eliminate access barriers to participation in this program \[[@B19]-[@B21]\]. The 6 community centers in Sumida Ward (total area 13.75 km2) were randomized into the intervention group (3 centers) and control group (3 centers) using opaque envelopes by a public officer who was not involved in this study. Environmental factors such as access to transportation, public services, facilities, and basic culture around each of the 6 community centers did not differ substantially and all 6 centers are within a 2-kilometer radius of each other.

Effective blinding was not possible because both the subjects and researchers clearly understood the differences between the two groups.

Participant flow
----------------

The flow of participants is shown in Figure [1](#F1){ref-type="fig"}. From the 141 candidates for this study who were community-dwelling older adults living in Sumida Ward and participating in Sumida TAKE10!, 20 did not satisfy the following inclusion criteria: aged \<65 years (n = 16), scheduling conflicts (n = 2), and unable to contact (n = 2). The remaining 94 participants were assigned to the intervention group (3 community centers; n = 57) or control group (3 community centers; n = 37) according to their home addresses. Baseline data was collected in October 2005 post-intervention data in January 2006. Two participants dropped out of the control group and 2 could not be contacted. Eventually, complete data were obtained for 57 participants in the intervention group and 35 participants in the control group.

![Participant flow.](1471-2318-13-8-1){#F1}

Intervention
------------

Six community centers were randomized to 3 community centers for the intervention group and 3 community centers for the control group. Participants in the intervention group participated in the Sumida TAKE10! program held from October 2005 to December 2006. Participants in the control group were required only to answer the questionnaire at the same time as the intervention group, and following the intervention, the control group was provided with the same Sumida TAKE10! program as a crossover intervention group to avoid any disadvantage and also to confirm whether the effect of the program could be verified.

The Sumida TAKE10! educational social health program was aimed at helping to prevent or delay the need for long-term nursing care. It consisted of a general lecture by a researcher on the importance of dietary variety and 5 educational sessions (1.5 hours each, held once every 2 weeks) lead by researchers and staff and held at each community center. The same researchers and staff conducted the same intervention program at each community center. The sessions, which were based on the TAKE10!® program, were comprised of approximately a 30-minute lecture on practicing good dietary habits followed by 1 hour of exercise. At the first session, each participant received an explanation on how to use the TAKE10!® Check Sheet and were then required to check their diet for the following 10 days so they could gain a better understanding of their dietary habits. At the second session, participants brought the check sheets with them and analyzed the sheets themselves in the lecture to determine which food groups were not well represented and they were encouraged to increase their intake from these food groups. The check sheet was submitted every session and returned the following session with simple comments such as "Good!" "Better than before!" and "Keep up the good work!"

During the exercise program, participants were instructed in the proper way to perform each stretching and muscle strengthening exercise and the reasoning behind each exercise. After instruction, each stretching exercise was performed 2 times to the right and to the left, and muscle strengthening exercises were each performed 3--5 times at a slow pace. Researchers and staff assisted all participants who did not currently have any physical activity habits. Exercise at home by walking at a self-determined pace, stretching daily, and doing muscle strength training once every two days was recommended. Participants recorded their daily TAKE10! exercise, or lack of exercise, on the TAKE10!® Calendar and submitted it once a month. After review, we returned the Calendar with basic comments as for the TAKE10!® Check Sheet. In all sessions, priority was placed on following any instructions from the participant's primary physician.

In this study, we aimed to determine whether decades-long habits of community-dwelling older adults could be changed by means of the TAKE10!® for Older Adults program, without receiving detailed individualized professional advice.

Main outcomes: dietary and physical activity habit outcomes
-----------------------------------------------------------

We evaluated changes in food intake (frequency of intake of the 10 food groups) and physical activity (frequency of walking and exercise). Food intake was assessed using a questionnaire on food intake frequency covering 1 week and covering the main 10 food groups in the Japanese diet mentioned above. There were 4 choices for food intake frequency for each food group: 1) eat almost every day (3 points), 2) eat 3 or 4 days a week (2 points), 3) eat 1 or 2 days a week (1 point), and 4) eat hardly ever (0 point). We then calculated a food frequency score (FFS) as the sum of scores for each of the 10 food groups to evaluate dietary habits (range 0--30). Dietary variety score (DVS) was also calculated to evaluate dietary habits \[[@B27]\] and was the sum of the number of times each respondent answered "eat almost every day" for the 10 food groups (maximum score 10).

In a previous study, a higher DVS was associated with a reduced risk of higher-level functional decline \[[@B27]\], as determined using the Tokyo Metropolitan Institute of Gerontology (TMIG) Index of Competence score \[[@B28]\]: relative to a reference group with a DVS of 1--3, groups with a DVS of 4--8 or 9--10 showed significantly lower declines TMIG Index of Competence scores over a period of 5 years \[[@B27]\].

Frequency of physical activity was assessed using the questionnaire to determine the frequency of walking and of stretching and muscle strengthening exercise over a 1-week period.

Secondary outcomes: health and health practice outcomes
-------------------------------------------------------

Data on self-rated health, appetite, and higher-level functional capacity were obtained with the questionnaire. Higher-level functional capacity was measured using the TMIG Index of Competence, a multidimensional 13-item index comprising 3 subscales of instrumental self-maintenance (IADL, 5 items), intellectual activity (4 items), and social roles (4 items). Each item was scored 1 for 'yes '(able to do) and 0 for 'no'. The TMIG Index of Competence has been verified for validity and reliability, and it is widely accepted in Japan \[[@B28]\].

Data analysis
-------------

Data were analyzed on an intention-to-treat basis. Mean and standard deviation (SD) was calculated for each variable. We compared the baseline characteristics of the intervention and control groups (between-group) using Student's t-test for continuous variables, a Chi-square test, and Fisher's exact test for proportional variables and Mann-Whitney's U-test for categorical variables. Baseline and post-intervention data were compared as follows: FFS, DVS, and the TMIG Index of Competence within each group using a paired t-test; frequency of intake of each food group, walking and exercise frequency, and self-rated health within each group using the Wilcoxon signed-rank test; and appetite within each group using McNemer's test. Fisher's exact test was used to compare the positive change in the DVS subgroup scoring 1--3 between the two groups. We compared differences in the improvement rate of walking and exercise frequency, and self-rated health between the groups using the Z-test. Interaction effects were analyzed using a two-way repeated measure analysis of variance. All data were analyzed using SPSS version 11.5 J for Windows XP, and the level of significance was set at 5%.

The study was approved by the Ethics Committee of Showa Women's University, Tokyo, Japan. All subjects provided written informed consent before being enrolled in the study.

Results
=======

Baseline characteristics and attendance rate
--------------------------------------------

Table [1](#T1){ref-type="table"} compares the baseline characteristics between the intervention and control groups. Compared with the control group, the intervention group had a significantly higher score (p = 0.014) for social roles on the TMIG Index of Competence, but no other significant differences were seen between the two groups. The participants were predominantly female (79.8%) as is typical for social programs in Japan \[[@B29]\], and all participants were previously unaware of the TAKE10! program. The mean attendance rate for the intervention classes was 68.1% (range 41-- 95%). Eight subjects attended only the first general lecture on importance of dietary variety because of a lack of interest in the exercise programs (n = 3) and schedule conflicts (n = 5). Forty-one subjects (71.9%) participated in more than 3 sessions.

###### 

Demographic characteristics and functional capacities of participants

  **Characteristics**                                   **Intervention (n = 57)**   **Control (n = 35)**   ***P***
  ---------------------------------------------------- --------------------------- ---------------------- ----------
  **Sex, n (%)**                                                                                               
     **Men**                                                    9 (15.8)                  8 (22.9)         0.419^a^
     **Women**                                                  48 (84.2)                27 (77.1)             
  **Age in years, mean** ± **SD**                              74.3 ± 5.9                74.3 ± 5.0        0.969^c^
  **BMI, mean** ± **SD**                                       24.3 ± 2.7                24.3 ± 3.1        0.941^c^
  **Preexisting conditions, n (%)**                             20 (35.1)                11 (31.4)         0.718^a^
     **Hypertension**                                           16 (28.1)                 9 (25.7)         0.805^a^
     **Diabetes mellitus**                                       4 (7.0)                  2 (5.7)          1.000^b^
     **Joint pain (arthritis)**                                  3 (5.3)                  2 (5.7)          1.000^b^
     **Heart disease**                                           4 (7.0)                  4 (11.4)         0.474^b^
     **Cerebrovascular disease**                                 1 (1.8)                  0 (0.0)          1.000^b^
  **Have experienced falls, n (%)**                             7 (12.3)                  5 (14.3)         0.762^b^
  **Lifestyle**                                                                                                
     **Ability to walk 1 km (yes, n (%))**                      52 (91.2)                31 (88.6)         0.727^b^
     **Hobby activity (yes, n (%))**                            48 (84.2)                28 (80.0)         0.605^a^
     **Volunteer activity (yes, n (%))**                        49 (86.0)                30 (85.7)         1.000^b^
     **Older adult's group activity (yes, n (%))**              47 (82.5)                29 (82.6)         0.961^a^
     **Friendly conversation with neighbors**                   45 (78.9)                27 (77.1)         0.839^a^
     **(2 days or more/w, n (%))**                                                                             
     **Going out (2 days or more/w, n (%))**                    56 (98.2)                34 (97.1)         1.000^b^
  **Appetite (yes, n (%))**                                     55 (96.5)                32 (91.4)         0.365^b^
  **Food Frequency Score (FFS), mean** ± **SD**                21.5 ± 3.7                21.1 ± 5.3        0.690^c^
  **Dietary Variety Score (DVS), mean** ± **SD**                4.2 ± 2.3                3.9 ± 2.9         0.577^c^
  **TMG-Index of competence, mean** ± **SD**                   12.4 ± 1.1                11.9 ± 1.4        0.062^c^
    **Instrumental self-maintenance, mean** ± **SD**            4.9 ± 0.2                4.9 ± 0.3         0.538^c^
    **Intellectual activity, mean** ± **SD**                    3.7 ± 0.6                3.8 ± 0.5         0.792^c^
    **Social roles, mean** ± **SD**                             3.8 ± 0.5                3.3 ± 1.1         0.014^c^
  **Self-rated health, n (%)**                                                                             0.657^d^
     **Very good**                                              7 (12.3)                  3 (8.6)              
     **Good**                                                   41 (71.9)                26 (74.3)             
     **Not good**                                               9 (15.8)                  6 (17.1)             

*SD* Standard deviations.

Chi-square test^a^ or Fisher\'s exact test^b^ for proportional variables.

Student's t-test^c^ for continuous variables.

Mann-Whitney's U test^d^ for categorical variables.

Outcomes measures
-----------------

Compared to baseline, significant increases were seen in post-intervention food intake frequency for 6 food groups (meat p = 0.002; fish/shellfish p = 0.02; eggs p = 0.01; potatoes p = 0.019; fruits p = 0.029; and seaweed p = 0.001) , FFS (p = 0.000), and DVS (p = 0.001) in the intervention group, and interaction effects of FFS (F(1, 90) = 10.582, p = 0.002) and DVS ( F(1,90) = 8.968, p = 0.004) were seen between the two groups. A significant difference was seen in the percentage of participants scoring 1--3 between the groups (p = 0.041) (Table [2](#T2){ref-type="table"}), but no significant difference was observed between baseline and post-intervention in the control group (Table [2](#T2){ref-type="table"}). Frequency of walking and stretching and muscle strengthening exercises did not change compared to baseline in either group and no significant differences were seen between two groups (walking, Z = 1.918; exercise, Z = 0.204) (Table [2](#T2){ref-type="table"}).

###### 

Main outcomes in the intervention group and the control group

  **Outcomes**                                                       **Intervention**   **Control**    **Between-groups**                                                                       
  ---------------------------------------------------- ------------ ------------------ -------------- -------------------- ------------ ------------- -------------- ------------- ------------ -----------
  **Meat**                                                 Pre          12 (21.1)        21 (36.8)         24 (42.1)        0.002^*a*^    9 (25.7)      13 (37.1)      13 (37.1)    1.000^*a*^        
  Post                                                  23 (40.4)       21 (36.8)        13 (22.8)          7 (20.0)        17 (48.6)     11 (31.4)                                             
  **Fish/Shellfish**                                       Pre          23 (40.4)        23 (40.4)         11 (19.3)        0.020^*a*^    17 (48.6)     11 (31.4)      7 (20.0)     1.000^*a*^        
  Post                                                  28 (49.1)       26 (45.6)         3 (5.3)          16 (45.7)        13 (37.1)     6 (17.1)                                              
  **Eggs**                                                 Pre          19 (33.3)        13 (22.8)         25 (43.9)        0.010^*a*^    10 (28.6)     12 (34.3)      13 (37.1)    0.527^*a*^        
  Post                                                  24 (42.1)       20 (35.1)        13 (22.8)          8 (22.9)        14 (40.0)     13 (37.1)                                             
  **Milk**                                                 Pre          29 (50.9)        10 (17.5)         18 (31.6)        0.075^*a*^    20 (57.1)      6 (17.1)      9 (25.7)     1.000^*a*^        
  Post                                                  35 (61.4)        8 (14.0)        14 (24.6)         19 (54.3)         8 (22.9)     8 (22.9)                                              
  **Soybean products**                                     Pre          30 (52.6)        17 (29.8)         10 (17.5)        0.278^*a*^    17 (48.6)     11 (31.4)      7 (20.0)     0.822^*a*^        
  Post                                                  34 (59.6)       15 (26.3)         8 (14.0)         16 (45.7)        12 (34.3)     7 (20.0)                                              
  **Green& Yellow vegetables**                             Pre          40 (70.2)        14 (24.6)           3(5.3)         0.491^*a*^    21 (60.0)      9 (25.7)      5 (14.3)     0.782^*a*^        
  Post                                                   42(73.7)       13 (22.8)          2(3.5)          21 (60.0)         8 (22.9)      6(17.1)                                              
  **Potatoes**                                             Pre           9 (15.8)        20 (35.1)         28 (49.1)        0.019^*a*^    8 (22.9)      13 (37.1)      14 (40.0)    0.225^*a*^        
  Post                                                  15 (26.3)       25 (43.9)        17 (29.8)          6 (17.1)        12 (34.3)     17 (48.6)                                             
  **Fruits**                                               Pre          42 (73.7)         9(15.8)           6(10.5)         0.029^*a*^    16 (45.7)      9 (25.7)      10 (28.6)    0.593^*a*^        
  Post                                                  48 (84.2)        6:(10.5)         3 (5.3)          14 (40.0)        11 (31.4)     10 (28.6)                                             
  **Seaweeds**                                             Pre          15 (26.3)        23 (40.4)         19 (33.3)        0.001^*a*^    7 (20.0)      17 (48.6)      11 (31.4)    0.674^*a*^        
  Post                                                  28 (49.1)       21 (36.8)         8 (14.0)         10 (28.6)        13 (37.1)     12 (34.3)                                             
  **Fats & Oil**                                           Pre          23 (40.4)        23 (40.4)         11 (19.3)        0.057^*a*^    13 (37.1)     12 (34.3)      10 (28.6)    0.858^*a*^        
                                                           Post         33 (57.9)        16 (28.1)          8 (14.0)                      10 (28.6)     17 (48.6)      8 (22.9)                       
  **Food Frequency Score(FFS) mean ± SD**                  Pre                           21.5 ± 3.7                         0.000^*b*^                  21.1 ± 5.4                  0.631^*b*^   0.002^c^
  Post                                                  23.9 ± 3.9      20.8 ± 4.3                                                                                                              
  **Dietary variety Score(DVS) mean ± SD**                 Pre                           4.2 ± 2.3                          0.001^*b*^                  3.9 ± 2.9                   0.328^*b*^   0.004^c^
                                                           Post                          5.4 ± 2.6                                                      3.6 ± 2.2                                     
  **Positive change in DVS 1--3 Score group, n (%)**                                     11 (55.0)                                                       3 (18.8)                                0.041^d^
                                                                       **5-7 days**     **2-4 days**      **0-1 day**        ***P***     **5-7 day**   **2-4 days**   **0-1 day**    ***P***      ***P***
  **Walking, n (%)**                                       Pre          35 (61.4)         7 (12.3)         15 (26.3)        0.664^*a*^    16 (45.7)     11 (31.4)      8 (22.9)     0.348^*a*^    n.s.^e^
  Post                                                  31 (54.4)       17 (29.8)         9 (15.8)         14 (40.0)        10 (28.6)     11 (31.4)                                             
  **Exercise, n (%)**                                      Pre          23 (40.4)        19 (33.3)         15 (26.3)        0.678^*a*^    17 (48.6)      6 (17.1)      12 (34.3)    1.000^*a*^   n.s.^*e*^
                                                           Post         20 (35.1)        28 (49.1)          9 (15.8)                      14 (40.0)     12 (34.3)      9 (25.7)                       

Wilcoxon signed-rank test^a^ for within-groups difference of categorical variables.

Student's t-test^b^ for between-group difference of continuous variables.

Two-way Repeated-Measures ANOVA^c^ for the time-by-group interaction of continuous variables.

Fisher\'s exact test ^d^ for between-group difference proportional variables.

Z-test^e^ for between-group differences of improvement rate about categorical variables. P \> 0.05; Z-score \> 1.96.

Self-rated health was also significantly improved over baseline in the intervention group (p = 0.033), but no difference in the improvement rate was observed between the groups. Appetite and TMIG Index of Competence score did not change between baseline and post-intervention in either group (Table [3](#T3){ref-type="table"}).

###### 

Secondary outcomes in the intervention group and control group

  **Outcomes**                   **Intervention**          ***P***          **Control**          ***P***         **Between-groups**                                                                           
  ------------------------------ ------------------ --------------------- ---------------- -------------------- -------------------- --------------------- ---------------- -------------------- ------------ ------------
  **TMIG Index of Competence**   Pre                                         12.4 ± 1.1                              0.083^*a*^                               11.9 ± 1.4                          0.571^*a*^   0.810^*b*^
  Post                           12.5 ± 0.8              12.0 ± 1.5                                                                                                                                           
  **Self-maintenance**           Pre                                         4.9 ± 0.2                               0.146^*a*^                               4.9 ± 0.3                           0.422^*a*^        
  Post                           5.0 ± 0.0                4.9 ± 0.2                                                                                                                                           
  **Intellectual activity**      Pre                                         3.7 ± 0.6                               0.279^*a*^                               3.8 ± 0.5                           0.763^*a*^        
  Post                           3.9 ± 0.4                3.8 ± 0.5                                                                                                                                           
  **Social roles**               Pre                                         3.8 ± 0.5                               0.563^*a*^                               3.3 ± 1.1                           0.864^*a*^        
                                 Post                                        3.7 ± 0.6                                                                        3.2 ± 1.3                                             
                                                       **yes, n (%)**         ***P***         **yes, n (%)**          ***P***                                                                                 
  **Appetite**                   Pre                                         55 (96.5)                               1.000^*c*^                               32 (91.4)                           0.625^*c*^        
                                 Post                                        56(100.0)                                                                        34 (97.1)                                             
                                                     **Very good n (%)**   **Good n (%)**   **Not good n (%)**        ***P***         **Very good n (%)**   **Good n (%)**   **Not good n (%)**    ***P***      ***P***
  **Self-rated health**          Pre                      7 (12.3)           41 (71.9)           9 (15.8)            0.039^*d*^             3 (8.6)           26 (74.3)           6 (17.1)        1.000^*d*^   n.s.^*e*^
                                 Post                     12 (21.1)          40 (70.2)           5 (8.8)                                    3 (8.6)           26 (74.3)           6 (17.1)                          

*TMIG* Tokyo Metropolitan Institute of Gerontology*, SD* standard deviation*.*

^a^Paired t-test for within-groups difference of continuous variables.

^b^Two-way Repeated-Measures ANOVA for the time-by-group interaction of continuous variables.

^c^McNemer's test for within-groups difference of proportional variables.

^d^Wilcoxon signed-rank test for within-groups difference of categorical variables.

^e^Z-test for between-group difference of improvement rate for categorical variables. P \> 0.05; Z-score \> 1.96.

As shown in Tables [4](#T4){ref-type="table"} and [5](#T5){ref-type="table"}, similar effects were observed for food intake frequency, FFS, DVS, and self-rated health in the crossover intervention group compared to the original intervention group. Compared to baseline, significant increases were seen in post-intervention food intake frequency for 8 food groups (meat p = 0.005; eggs p = 0.002; milk p = 0.021; soybean products p = 0.016; green & yellow vegetables p = 0.008; potatoes p = 0.003; fruits p = 0.013; and seaweed p = 0.011), FFS (p = 0.000), and DVS (p = 0.000) in the crossover intervention group. Self-rated health significantly improved (p = 0.025), and with regard to physical activity, frequency of walking did not change but frequency of exercise significantly improved in the crossover intervention group post-intervention.

###### 

Main outcomes in the crossover intervention group

  **Outcomes**                                                      **Almost every day**   **3-4 days/week**   **0-2 days/week**    ***P***
  ---------------------------------------------------- ----------- ---------------------- ------------------- ------------------- ------------
  **Meat**                                                 Pre            6 (20.7)             15 (51.7)           8 (27.6)        0.005^*a*^
  Post                                                  13 (44.8)        12 (41.4)             4 (13.8)                           
  **Fish/Shellfish**                                       Pre           12 (41.4)             11 (37.9)           6 (20.7)        0.197^*a*^
  Post                                                  15 (51.7)        10 (34.5)             4 (13.8)                           
  **Eggs**                                                 Pre            6 (20.7)             14 (48.3)           9 (31.0)        0.002^*a*^
  Post                                                  16 (55.2)        10 (34.5)             3 (10.3)                           
  **Milk**                                                 Pre           15 (51.7)             7 (24.1)            7 (24.1)        0.021^*a*^
  Post                                                  22 (75.9)         2 (6.9)              5 (17.2)                           
  **Soybean products**                                     Pre           13 (44.8)             11 (37.9)           5 (17.2)        0.016^*a*^
  Post                                                  21 (72.4)         6 (20.7)              2 (6.9)                           
  **Green & Yellow vegetables**                            Pre           17 (58.6)             6 (20.7)            6 (20.7)        0.008^*a*^
  Post                                                  24 (82.8)         4 (13.8)              1 (3.4)                           
  **Potatoes**                                             Pre            5 (17.2)             9 (31.0)            15 (51.7)       0.003^*a*^
  Post                                                  14 (48.3)         8 (27.6)             7 (24.1)                           
  **Fruits**                                               Pre           11 (37.9)             9 (31.0)            9 (31.0)        0.013^*a*^
  Post                                                  18 (62.1)         5 (17.2)             6 (20.7)                           
  **Seaweeds**                                             Pre           10 (34.5)             10 (34.5)           9 (31.0)        0.011^*a*^
  Post                                                  16 (55.2)        10 (34.5)             3 (10.3)                           
  **Fats & Oil**                                           Pre           10 (34.5)             13 (44.8)           6 (20.7)        0.115^*a*^
                                                          Post           15 (51.7)             10 (34.5)           4 (13.8)             
  **Food Frequency Score (FFS), mean ± SD**                Pre                                20.9 ± 4.5                           0.000^*b*^
  Post                                                                   24.7 ± 5.1                                               
  **Dietary variety Score (DVS), mean ± SD**               Pre                                 3.6 ± 2.3                           0.000^*b*^
                                                          Post                                 6.0 ± 3.2                                
  **Positive change in DVS 1--3 Score group, n (%)**                                           7 (53.8)                                 
                                                                        **5-7 days**         **2-4 days**         **0-1 day**       ***P***
  **Walking, n (%)**                                       Pre           12 (41.4)             10 (34.5)           7 (24.1)        0.090^*a*^
  Post                                                  15 (51.7)        11 (37.9)             3 (10.3)                           
  **Exercise, n (%)**                                      Pre           13 (44.8)             10 (34.5)           6 (20.7)        0.026^*a*^
                                                          Post            21(72.4)             4 (13.8)            4 (13.8)             

Wilcoxon signed-rank test^a^ for within-groups difference of categorical variables.

Paired t-test^b^ for within-groups difference of continuous variables.

###### 

Secondary outcomes in the crossover intervention group

  **Outcomes**                              **mean ± SD**           ***P***                            
  ------------------------------ ------ ---------------------- ----------------- --------------------- ------------
  **TMIG Index of Competence**   Pre                              12.0 ± 1.7                            0.869^*a*^
  Post                                        12.0 ± 1.6                                               
  **Self-maintenance**           Pre                               4.7 ± 0.2                            0.326^*a*^
  Post                                        5.0 ± 0.0                                                
  **Intellectual activity**      Pre                               3.9 ± 0.7                            0.083^*a*^
  Post                                        3.7 ± 0.6                                                
  **Social roles**               Pre                               3.2 ± 1.4                            0.846^*a*^
                                 Post                              3.2 ± 1.2                                 
                                           **yes, n (%)f**          ***P***                            
  **Appetite**                   Pre           28(96.6)           1.000^*a*^                           
                                 Post          28(96.6)                                                
                                         **Very good, n (%)**   **Good, n (%)**   **Not good, n (%)**    ***P***
  **Self-rated health**          Pre           1 (3.4)             23 (79.3)           5 (17.2)         0.025^*b*^
                                 Post          5 (17.2)            20 (69.0)           4 (13.8)              

*TMIG* Tokyo Metropolitan Institute of Gerontology, *SD* standard deviation.

^a^Paired t-test for within-groups difference of continuous variables.

^b^Wilcoxon signed-rank test for within-groups difference of categorical variables.

Discussion
==========

The TAKE10!® for Older Adults program at community centers appears to have improved dietary habits among community-dwelling older adults. In addition to the food intake frequency for 6 food groups, FFS and DVS were significantly increased in the intervention group, suggesting that the participants' dietary habits changed and that dietary variety was greater than before. Increases in the frequency of intake of high-protein foods and high-fiber foods were especially positive results and may help older Japanese adults to maintain good nutritional status. There were no changes in BMI (p = 0.561) or appetite (p = 1.000) seen in the intervention group, which indicates that it was the quality not quantity of food intake in their diets that changed. The fact that 55% of participants with a baseline DVS of 1--3 improved to a post-intervention score of ≥4 indicates their risk of a decrease in higher-level functional capacity had been lowered. In addition, the interaction effects of FFS and DVS and similar results seen in the crossover intervention group indicate the efficacy of this intervention program on dietary habits.

Physical activity and good nutritional habits are important to helping community-dwelling older adults avoid or delay the need for long-term nursing care \[[@B30]\]. Because of difficulties in evaluating nutritional programs for older adults, few studies on such programs have been conducted to date. However, some studies have shown associations between dietary variety and nutritional status \[[@B23],[@B24],[@B31]\], quality of life \[[@B30],[@B32]\], and physical and cognitive function \[[@B33],[@B34]\]. It is clear that promoting dietary variety is one of the best ways to maintain proper nutritional status among older adults. Moreover, in a super-aging society like Japan, there is an urgent need for social programs that are easy to implement and follow and that do not require individual advice and attention from professionals.

It was interesting that frequency of walking and doing stretching and muscle strengthening exercises did not change even in the intervention group. Some possible reasons are that, first, the end point of this intervention was during the coldest time of year in Japan, and many people undoubtedly preferred to stay indoors. Second, at baseline, 78% participants were already in the habit of walking or engaging in exercise 5 days per week, and in this community attending radio calisthenics ("*rajio taisou*") broadcasts in nearby parks is very popular. Third, 8 (14%) subjects did not participate in the sessions beyond the first lecture and another 8 (14%) subjects participated in fewer than 3 sessions, so they might not have been interested in our program and thus not have mastered the exercises enough to perform them at home without assistance. However, in response to the question in the post-intervention questionnaire "Did you do TAKE10 exercises at home?" 83% participants answered "Yes", and to "How many days did you do them a week?" 78% participants answered "every 2 days or more". In the winter, it is possible that some participants replaced their attendance of the radio calisthenics broadcasts with TAKE10 exercise as it was more difficult to go outside. In addition, significant differences were observed in the frequency of exercise in the crossover intervention group, suggesting the possibility of intervention effects on physical activity.

Self-rated health improved in the intervention group compared to baseline, although a significant difference in improvement rate was not seen between groups. Self-rated health is a global measure of health, and many studies have shown correlations with relative risk of mortality \[[@B35]-[@B38]\], well-being, and functional capacity \[[@B39]\]. For community-dwelling older adults, self-rated health is a possible indicator of quality of life. However, the observed effect may have been the result of not only attending this program, but also simply gathering together with other members of the community.

This study has several limitations. First, the study design was not an ideal randomized control trial. In order to eliminate transportation barriers to participation in this program, participants were assigned to groups according to their home address. In addition, to secure the same floor conditions at the 6 community centers, randomization was conducted before recruitment. Therefore, the two groups differed in the number of participants at baseline. However, as shown in Table [1](#T1){ref-type="table"}, there were no significant differences between the two groups in the variables measured at baseline. Also, we compared the 3 baseline measures (sex, age, and TMIG Index of Competence) between the 6 clusters and no significant differences were seen. The sample size was less than the ideal 50 participants per group, and as the participants were recruited through the ward's bulletin, participants who enrolled might have been more motivated and health conscious. This might also explain the large percentage of female participants \[[@B29]\]. Other recruitment methods should be considered in future studies.

Although we did not examine behavioral stage and self-efficacy, we did find some behavior changes among the participants. In response to "Did your awareness of diet change after participating in this program?" 94% participants answered "Yes", indicating that behavioural stage or self-efficacy might have changed, although we did not evaluate this scientifically. In addition, we used the TAKE10!® Check Sheet and the TAKE10!® Calendar only as tools to motivate participants and not to measure outcomes. The tools could be used to evaluate behavioral aspects in future studies. Also, seasonal changes in participant behavior were not considered and the intervention program did not reflect this. The program started in autumn which is a good season for outdoor exercise, walking, and eating, but ended in mid-winter.

Our main outcomes on diet do not indicate the quantity of food consumed from each food group, and we did not evaluate participants' nutritional status using biochemical indicators. From our findings, we can estimate changes in dietary habits, but cannot indicate definite effects on health. In addition, it is necessary that good habits be maintained to observe the effects. However, we did not examine how long the behavioral changes continued following the intervention. We also did not measure how much physical fitness improved as a result of the exercise training undertaken by the intervention group. Further studies are therefore needed to confirm the effects of this program.

Ultimately, we consider this intervention program to be the first step toward introducing more healthy lifestyles to community-dwelling older adults, with its focus on improving their self-management abilities and aiming to increase the health status of the community as a whole. We believe the program can serve as an important form of social support that contributes to meeting present and future healthcare challenges. Personalized programs tailored to each individual's abilities, behavioral stage, and environment would be a good next step.

Conclusions
===========

The social health program conducted at community centers incorporating the TAKE10!® for Older Adults program resulted in improved dietary habits---as measured by food intake frequency, FFS, and DVS---and may improve self-rated health among community-dwelling older adults.
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